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E-mail address: agouveia@quimica.ufpb.br (A.G. deThe most widely used process for producing biodiesel is the transesteriﬁcation reaction using alkaline
catalysts, due to their high reaction rates and appreciable conversion rates. Low cost catalysts (alkali,
alkaline earth and transition metal hydroxides) are often used. In this work, the catalytic activity of
sodium hydroxide (NaOH) in the synthesis of Jatropha curcas ethanol biodiesel was studied. Ethoxide
ions, recently prepared (BINaOH) and stored under refrigeration for 12 (B12NaOH) and 24 (B24NaOH)
hours were used in transesteriﬁcation reactions. Each of these reactions was also conducted by means
of newly produced ethoxide ions (BINaOH). The yields of each reaction condition were calculated as
B12NaOH – 86.7%, B24NaOH – 99.3%, and BINaOH – 82.8%. It can be concluded that the transesteriﬁcation
reaction of J. curcas oil is not only adversely affected by hydroxyl ions (hydrolysis reaction) but also pos-
itively affected by ethoxide ions. The properties of ﬂow and oxidative stability of biodiesel samples pro-
duced in each of the transesteriﬁcation reaction conditions were analyzed as well.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Researchers worldwide have investigated the replacement of
petroleum-derived fuels. Brazil has developed research on alterna-
tive renewable sources of energy, focusing on social and environ-
mental issues. However, Brazil also needs to increase the search
for better quality crude oils and ﬁnd opportunities to offer consis-
tent amounts of these products to domestic and international mar-
kets. It is understood that part of this research effort is undertaken
by the Brazilian Program of Technological Development of Biodiesel
(PROBIODIESEL), ofﬁcially established to improve the environmen-
tal aspects of the Brazilian energy matrix.
Biodiesel presents some important characteristics for a more
efﬁcient replacement for diesel oil: it is virtually free of sulfur
and produces not only a more efﬁcient combustion, but also low
emissions of pollutants and harmful gases such as CO, CO2, SOx,
volatile organic compounds and aromatic hydrocarbons [1–3], all
of which considered harmful to the environment. However, itlsevier OA license. 
Souza).should be noted that emissions of nitrogen oxides from combus-
tion are still a problem that must be considered. The main
disadvantages of biodiesel when compared to diesel oil are: high
viscosity, high density and low volatilization [4].
Among the conventional crops, or vegetable species with orga-
nized production chains, used to obtain biodiesel, the most impor-
tant are soybeans, cotton and sunﬂowers, among others. Among
the species with economical potential, Jatropha curcas has been
considered as an interesting alternative. Its cultivation is in the
process of expansion, aiming at making it a cultivable species un-
der the technological point of view.
The favorable characteristics that make J. curcas potentially
interesting for biodiesel production are: bigger production of
grains and oil, good oil quality, adaptability to different climates,
early production, longevity, alternative for crop diversiﬁcation
and inclusion of family farming into the production chain [5].
The most frequently used process for synthesizing biodiesel is
the transesteriﬁcation reaction carried out with alkaline catalysts.
Therefore, taking into account the potential of J. curcas as an impor-
tant raw material for biodiesel production, this study aims at eval-
uating the importance of the time span after the ethoxide synthesis
on the production of ethanol biodiesel from J. curcas, as well as on
its oxidative stability and ﬂow properties.
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2.1. Synthesis of biodiesel
In order to prepare the ethoxide solution, a 6:0.21 EtOH:NaOH
molar ratio was used in a relation to J. curcas oil. After dissolution
of NaOH in anhydrous ethanol, the mixture was allowed to remain
under refrigeration and protected from light for 12 h (B12NaOH) or
24 h (B24NaOH) before synthesis of biodiesel. Another ethoxide
solution was prepared and used immediately in the transesteriﬁca-
tion reaction (BINaOH). The reactions were performed in a 1:6:0.21
M ratio (oil:ethanol:NaOH) at room temperature, with continuous
stirring for 15 min.
2.2. Chromatography
The determination of the fatty acids present in the J. curcas oil
was indirectly performed; in other words, by means of methyl
esters of fatty acid, as the triacylglycerides could clog the chro-
matographic column. The oil samples were transesteriﬁed by basic
catalysis, using methanol. Later n-hexane solutions were prepared
and calculated the calibration curves of analytical standards, as
previously described [6].
For the determination of fatty acids present in the J. curcas oil, a
Gas Chromatograph GC-17-A from Shimadzu was utilized. This
chromatograph was equipped with a FID at 300 C and a split injec-
tion system at 280 C in a 1:30 split ratio and an injection volume
of 1 lL. Nitrogen was used as an auxiliary gas and hydrogen as the
carrier gas with an average linear speed of 35 cm s1. A LM-100
column (100% polyethylene glycol) was used, with dimensions of
25 m  0.25 mm i.d.  0.25 lm. The initial column temperature re-
mained 40 C for 3 min, and later the temperature was increased at
a constant heating rate of 30 C min1 up to 190 C, with an overall
duration of 22 min. The qualitative identiﬁcation of ethyl esters
present in biodiesel samples was performed by comparing the
spectra obtained with the mass spectra of standards in the soft-
ware library (Mass Spectral Database, NIST/EPA/NIH). On the other
hand, the quantitative analyses were carried out by integrating the
chromatographic peak areas, according to the retention times of
each fatty acid.
In order to calculate the Molecular Mass of the oil (MMoil), the
following equation and chromatographic data of J. curcas oil were
used:
MMoil ¼
Pð%f :a MMf:aÞ  3P
%f :a
þ 92:0
In which, MMoil is the J. curcas oil Molecular Mass (g mol1); MMf.a.
is the Molecular Mass of each fatty acid present in the J. curcas oil
(g mol1); %f.a is the Molar Percentage of each fatty acid.
2.3. Flow properties
The cold ﬁlter plugging point (CFPP) was determined in a
TANAKA equipment; model AFP-102, in accordance with the ASTM
D 6371 standard. Both the cloud and the pour points were per-
formed in a TANAKA equipment; model MPC-102L, in accordance
with the ASTM D 2500 and ASTM D 1997 standards, respectively.
The kinematic viscosity was determined in an ISL viscometer,
TVB 445 model, at a temperature of 40 C, according to ASTM D
445 standards. To calculate the viscosity of the samples the follow-
ing equation was used:
v ¼ C  t
Inwhich: v = kinematic viscosity (mm2 s1); C = capillary viscometer
constant (mm2 s1); t = ﬂow time (s).2.4. Oxidative stability
The PDSC curves were obtained by means of a differential scan-
ning calorimeter coupled to a pressure cell, TA Instruments,
DSC 2920 model, under isothermal conditions, with a 10 mg sam-
ple placed in a platinum crucible, under an atmosphere of oxygen
and pressure of 1400 kPa, at 110 C/5 C min1.3. Results and discussion
3.1. Synthesis of biodiesel
Thedielectric constant emeasures the ability to separate charges.
Methanol, for presenting a higher value of e (32.7), signiﬁcantly de-
creases the NaOH dissociation energy, thus accelerating the forma-
tion of methoxide [7]. However, the production of alkoxide from
ethanol can be as efﬁcient as the one obtained bymethanol. For this,
the time of charge separation of the hydroxide crystals in an etha-
nolic medium, and the temperature at which this reaction takes
place should be considered. As ethanol has a lower e (24.5), it re-
quires a longer period of for a better efﬁciency in the separation of
NaOH ions. Furthermore, as the charge separation reaction is
strongly exothermic, it is important that this reaction occurs at low
temperatures and in the absence of UV light to prevent oxidation of
ethoxide ions, as light favors the oxidative ethoxide decomposition.
The literature reports NaOH as a catalyst for the transesteriﬁca-
tion reaction [7–10]. However, if hydroxyl ions are present in large
amounts, the ester hydrolysis occurs, producing free fatty acids.
Also according to the literature, the presence of water in the reac-
tion medium, as a result of the alkoxide synthesis reaction from
alkaline hydroxides, can be a problem for the process [7]. On the
other hand, it was observed that when the ethoxide is effectively
formed, the reaction takes place faster and more efﬁciently, favor-
ing steps 1–3, the formation of esters (a) (Fig. 1). Thus, the presence
of water formed during the reaction process (step 1) does not con-
tribute to the ester hydrolysis, because no hydroxide ions are pres-
ent. This fact was conﬁrmed during the biodiesel washing process,
as, besides a faster neutralization, no formation of emulsions was
noticed, which contributed to a higher reaction yield.
The biodiesel sample BINaOH displayed the lowest yield in
esters, when compared to the samples B12NaOH and B24NaOH.
Moreover, it required the largest volume of washing water, as
shown in Table 1, evidencing that the effective ethoxide formation
did not occur. According to the reaction scheme shown in Fig. 1, it
can be observed that when the hydroxides are not totally con-
sumed during the formation of ethoxide ions, their excess (step
4) will react with the molecules of biodiesel (a), obtained by means
of steps (1–3), forming free fatty acids (b). These acids will react
with ethoxide or hydroxide ions, according to step 5, forming fatty
acid salts (c) and thus decreasing the reaction yield (Table 1).
According to Table 1, it can be observed that the maximum
yield was obtained when the ethoxide was prepared at a tempera-
ture of 6 C, in the dark, 24 h prior to the synthesis. In this condi-
tion, the volume of water used in the washing process was the
smallest among the samples, which enhances economic and envi-
ronmental beneﬁts by reducing efﬂuent treatment costs. The high
reaction yield and the need for a smaller amount of washing water
suggest a complete or near-complete conversion of hydroxide into
ethoxide. Therefore, the reaction tends to follow steps 1–3 in Fig. 1,
displaying as ﬁnal products both ethyl esters (a) and glycerin.3.2. Chromatography
The chromatographic analysis of the samples of biodiesel
showed the effectiveness of both the transesterication reaction
Fig. 1. Reactions involved in the synthesis of ethyl biodiesel. R1, R2, R3 represent
alkyl groups.
Table 1
Yields and washing water volumes for the samples of biodiesel from Jatropha curcas.
Sample Yield (m/m%) Yield (ester%) Washing water volume (mL)
BINaOH 82.8 82.7 850
B12NaOH 86.7 86.5 550
B24NaOH 99.3 99.1 450
Table 2
Composition of esters (mass%) in BINaOH, B12NaOH and B24NaOH biodiesel samples.
Esters BINaOH B12NaOH B24NaOH
Palmitoleate 0.72 0.73 0.79
Palmitate 14.66 13.74 14.69
Linoleate 32.14 40.46 33.24
Oleate 45.80 39.62 44.31
Stereate 7.49 6.76 7.77
Arachidate 0.15 0.19 –
Others 0.17 0.19 0.17
Total 99.83 99.81 99.83
Table 3
Flow properties of BINaOH, B12NaOH and B24NaOH.
Samples Cloud point (C) Pour point (C) CFPP* (C) kV** (mm2s1)
BINaOH 2 0 1 5.18
B12NaOH 0 1 2 5.08
B24NaOH 2 0 1 5.11
* CFPP: Cold ﬁlter plugging point.
** kV: Kinematic viscosity.
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glycerin and the total content of ethyl esters was 99.8%. Therefore,
only 0.2% may be related to the mono-, di- and triacylglycerides
that eventually might not have reacted. Comparing the results in
Table 2, it can be observed that the composition of samples of bio-
diesel suffered a slight variation depending on the time span after
preparation of the ethoxide, especially for the percentages of oleateand linoleate, which were reduced and increased, respectively, in
reactions utilizing ethoxides with a 12 h preparation (B12NaOH).
It can be thus inferred that the ethoxide prepared 12 h beforehand
favors the hydrolysis of ethyl oleate, whose chains display a smal-
ler steric hindrance than ethyl linoleate, as it presents a larger
amount of hydroxyl ions.
The inversion that took place inﬂuenced the oxidative stability
and the ﬂow properties. The B12NaOH sample displayed the low-
est oxidative stability, but its ﬂow properties were the best. These
tendencies are based on its highest content of unsaturated fatty
acids as well as on its highest percentage of linolenic acid, among
the three samples.
3.3. Flow properties
According to the data presented in Table 3, it can be noted that
the values for the cloud and the pour point tests are in agreement
with the values of cold ﬁlter plugging point.
Biodiesels from J. curcas are rich in unsaturated fatty acid esters,
mainly oleic and linoleic acids, which have one and two double
bonds, respectively. The presence of a carbon–carbon double bond
in the structure of oleates (cis isomer) gives rise to strong intermo-
lecular interactions between the p electrons of double bonds,
which favors the packing between the molecules of this type of
ester. Conversely, the presence of two double bonds in linoleates
leads to a cis–cis conformation, Fig. 2, which reduces the intermo-
lecular interactions and hinders the packing of the molecules. Fur-
thermore, bulky functional groups (esters) also restrain the
lamellar spacing between individual molecules. This causes a rota-
tional disorder that leads to the formation of crystalline nuclei and
consequently to a less stable packing of the chains, thus improving
the cold ﬂow properties of biodiesels from J. curcas.
From Table 3, it may be also noted that the B12NaOH sample
showed the best ﬂow properties, including the lowest kinematic
viscosity. This behavior was attributed to its fatty acid composition,
which contains the largest amount of linoleate esters (Table 2). Such
a high content of linoleate provides a decrease in its viscosity, since
the presence of cis–cis conformation hinders the interaction be-
tween the sp2 carbon atoms of the double bonds of neighboring
molecules.
3.4. Oxidative stability
The oxidative stability of biodiesel is another extremely impor-
tant property, especially in places with warm climate, as this prop-
erty provides an estimate of the storage time of biodiesel in normal
conditions. Oxidation of biodiesel is due to several factors, among
which the most important are: the number of double bonds and
the existence of allylic and bis-allylic hydrogens [11]. Esters with
large amounts of unsaturated fatty acids are much more suscepti-
ble to oxidation than those that are rich in saturated fatty acids
[12,13]. The biodiesel from J. curcas shows a high concentration
of unsaturated fatty acid esters, thus its process of oxidation starts
at relatively low temperatures, around 120 C, when compared
with a biodiesel which is rich in saturated fatty acid esters.
Fig. 2. The cis–cis stereoisomerism in the structure of a fatty acid ester from
Jatropha curcas biodiesel.
Fig. 3. PDSC isotherms, carried out at 110 C, for the determination of the oxidation
induction times (OIT’s).
Table 4
Oxidative induction time (OIT) of the different samples of biodiesel from Jatropha
curcas.
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Fig. 3. The oxidative induction time (OIT) obtained by means of this
technique represents the time required for the occurrence of an
exothermic peak, characteristic of the oxidation reaction, when
the sample is submitted to an elevated oxygen pressure at a spec-
iﬁed temperature. The OIT values, shown in Table 4, were deter-
mined by the difference between the onset time and the initial
time (time in which the sample reached the isothermal tempera-
ture of 110 C).
Higher OIT values are related to lower oxidative stability of bio-
diesel samples. As noted in Table 4, the OIT values decrease in the
following order: B24NaOH > BINaOH > B12NaOH. This order is
probably due to the fact that B24NaOH presents 78.34% of unsatu-
rated esters in its composition, whereas B12NaOH and BINaOH
contain, respectively, 80.81% and 78.66% of unsaturated esters.
The different compositions of fatty acids directly inﬂuence the
oxidative stability. The oxidation of oils and biodiesels occurs at
different speeds depending on the number and the position of dou-
ble bonds. A simple way to evaluate such composition is by the
oxidation index, OI [14,15], calculated according to the following
equation:OI ¼ 0:02ð%oleicÞ þ ð%linoleicÞ þ 2ð%linolenicÞ
100
Applying this equation to the compositions of the samples of
biodiesel, the following values of oxidation index (OI) were ob-
tained: BINaOH (OI = 0.33), B12NaOH (OI = 0.41) and B24NaOH
(OI = 0.34). Although BINaOH shows a smaller OI than B24NaOH,
the latter is more stable because it has a lower degree of
unsaturation.4. Conclusion
Based on the previous results, it may be concluded that the time
span after the preparation of the ethoxide affects the yield of the
synthesis of biodiesel from J. curcas, as well as its fatty acid ester
composition and consequently some of its properties, such as oxi-
dative stability and ﬂow properties. Another important feature ob-
served was the decrease in the biodiesel washing water volume. In
other words, as the time span after the ethoxide preparation in-
creased, the washing water volume decreased. At last, it is con-
cluded that the good ﬂow properties presented by biodiesel from
J. curcas, even at low temperatures, encourages the use of the par-
ent Jatropha oil as a feasible alternative raw material for biodiesel
production.
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